brush-border membrane vesicles (4, 12) , the isolated cDNA was considered to encode the main component of the active absorption machinery located at the distal ileum. Subsequently, cDNAs encoding ISBT were isolated from rats (13) , humans (14) , and rabbits (S. Stengelin et al., direct submission to GenBank under accession number of Z54357). The cDNA encoding NTCP was isolated from rats (15) and humans (16) . Nucleotide sequence analyses revealed that ISBT and NTCP share similar hydropathy profiles, indicating that the membrane topologies of both proteins are similar (11) .
The structure-function relationship of ISBT has only been reported for human ISBT by investigation of naturally occurring mutations (14, 17) . Substitutions of lysine 243 by proline, threonine 262 by methionine, and proline 290 by serine abolished the bile acid transport activity of human ISBT while replacing alanine 171 by serine had no effect. These mutations had no effect on ISBT expression or sorting to the plasma membrane. Thiol group-specific chemical modifiers have been reported to inactivate the uptake of [3H] taurocholate into the brush-border mem brane vesicles from rabbit ileum (4) . Cholate uptake by hepatocytes has also been reported to be sensitive to a thiol modifier (10) . These findings suggest that (a) cysteine residue(s) is/are located at or close to a critical region in ISBT and NTCP. However, no specific cysteine residue required for bile acid transport has been identified. To further clarify the structure-function relationships of ISBT, we here report the cloning of ISBT cDNA from mouse, the experimental animal neglected in the course of studies on the ileal Na+-dependent bile acid transporter. [3H]taurocholate uptake into isolated enterocytes was measured (Fig. 1) . Uptake by the epithelial cells isolated from the most distal segment was markedly higher than uptake by epithelial cells from other segments. When Na+ was replaced by K+ or choline, uptake by the ileocytes was reduced to the level of epithelial cells from other segments. This indicates that the expression of the Na+-dependent bile acid transporter is restricted to the ileum, consistent with the results of Northern blot analysis showing that mouse ISBT mRNA is expressed only in the distal ileum (Fig. 2) . In Fig. 2 , two bands can be observed in lanes 6-8. For human ISBT, it has been reported that the length of the 3?-untranslated region of mRNA is 2,137 nucleotides, and the longest mRNA is 3,779 nucleotides plus a poly(A) tail (20) . If this is the case for mouse ISBT, the longer band can be considered to be a major transcript of the mouse ISBT gene, and the shorter band might be degraded molecules.
To examine the Na+-dependence of [3H]taurocholate uptake into ileocytes in detail, uptake was measured at various Na+ concentrations (Fig. 3) . Uptake increased with the increase in the concentration of Na+, and the maximum 76% identity (Fig. 7A) . Two potential N-glycosylation sites were found at positions 3 and 10. A Kyte-Doolittle hydro phobicity plot with a window of 11 amino acids showed seven hydrophobic peaks (Fig. 7B) . For NTCP, a mem brane topology with seven transmembrane segments, an extracellular N-terminus, and an intracellular C-terminus has been proposed based on the results of immunostaining and glycosylation analysis (15, 16) . The hydrophobicity plot of mouse ISBT is consistent with this membrane topology since ISBT and NTCP share similar hydrophobi city profiles. However, more complex analyses that take the optimal length for transmembrane segments into consideration suggest that ISBT may have eight transmem brane segments (data not shown), because the second hydrophobic peak is too long for a single transmembrane segment. Therefore, further study of the actual structure of ISBT in cellular membranes is needed.
COS-7 cells transfected with the expression vector for T . Saeki et al. (Fig. 8B) . We tested NEM for its effect on [3H]taurocholate uptake into COS-7 cells transfected with pZmISBT . No inhibitory effect was observed even at NEM concentrations up to 2 mM (data not shown), while uptake by mouse ileocytes and by rabbit ileal BBMV was inhibited (Fig . 6) (4) . From these studies of inhibition by unlabeled bile acids and NEM , it can b e speculated that an additional component other than ISBT, which with ISBT comprises the bile acid uptake machinery in ileocytes, is sensitive to NEM . We have obtained preliminary data , however, that replacement of cysteine 51 of mouse ISBT by alanine markedly decreases the transport activity. Because twelve cysteine residues in mouse ISBT are all conserved among mammalian ISBTs and some are conserved in NTCPs , it is likely that cysteine residues would play an important role . We have constructed mutated mouse ISBTs in which the twelve cysteine control; LC, lithocholic acid; CDC, chenodeoxycholic acid; C, cholic acid; DC, deoxycholic acid; GC, glycocholic acid; TC, taurocholic acid. Data are the averages and standard errors of three independent experiments, residues are individually changed to alanine. Using these mutant ISBTs, we are examining the involvement of each cysteine residue in the function of ISBT.
